1. Introduction {#sec1-nutrients-12-00751}
===============

Young men are a population of a particularly increased risk of unfavourable health behaviours while going through the changes associated with the transition from adolescence to adulthood \[[@B1-nutrients-12-00751],[@B2-nutrients-12-00751]\]. Leaving home, going to university, commencing employment and starting a family are milestones in life that can have detrimental health implications, contributing to the development of diet-related diseases, such as hypertension, obesity, diabetes, cardiovascular diseases, and cancers \[[@B3-nutrients-12-00751]\]. Moreover, it has been found that, in the young age group, men are at higher risk of fatal chronic conditions and heart diseases in comparison to women of the same age \[[@B4-nutrients-12-00751],[@B5-nutrients-12-00751],[@B6-nutrients-12-00751]\]. This phenomenon is believed to have not only behavioural background, but it is also associated with biological, hormonal, and genetic factors, which are sex-specific \[[@B7-nutrients-12-00751]\].

A Finnish study on men that were aged 18--29 years old revealed that, in early adulthood, unhealthy behaviours outweigh healthy and preferences for energy-rich foods are strong in this group, e.g., only small percentage of men consumed fruit and vegetables daily (13% and 8%, respectively), whereas a higher percentage consumed pizza and hamburgers more than once a week (24% and 19%, respectively) \[[@B8-nutrients-12-00751]\]. Starting university and living away from home has also been associated with low consumption of fruit and vegetables among male Polish students \[[@B9-nutrients-12-00751]\]. Moreover, while studying at university, male students have shown to engage more often than girls in addictive behaviours, such as excess alcohol drinking, smoking, and the use of stimulants, e.g., to enhance mental performance and cope with stress \[[@B10-nutrients-12-00751],[@B11-nutrients-12-00751]\]. Poor coping strategies, which are reflected in addictive behaviours, can be also triggered by commencing first employment, which is often a source of stress for a young person. These results allow for hypothesizing, that young men are a specific population who engage in a mixture of explicit behaviours and, further, more detailed research is needed to fully understand the complex mechanisms of health-related decisions in this subpopulation.

Previous studies investigated the associations between predefined dietary and lifestyle risk factors and the occurrence of cardiovascular diseases, representing the a priori (hypothesis-driven) approach \[[@B12-nutrients-12-00751]\]. In brief, this approach is used to assess how closely selected behaviours match the widely accepted healthy lifestyle goals, e.g., has the recommendation for daily physical activity or fibre intake been met. One of the limitations of hypothesis-driven method is that it does not allow for picking out some unique combinations of behaviours, truly existing in studied populations. In contrast, an analysis of patterns provides the advantage of mirroring the real life scenario \[[@B13-nutrients-12-00751]\]. Furthermore, using the data-driven methods (the a posteriori approach) allows for revealing often-unexpected behavioural patterns that have previously not been hypothesised by the researchers. The a posteriori approach has been less frequently used and the interpretation of the results had some limitations. The majority of studies have combined both men and women to obtain overall patterns and were then investigating the differences in dietary patterns scores by gender \[[@B14-nutrients-12-00751]\]. However, as emphasised by Northstone and Emmett \[[@B15-nutrients-12-00751]\], a separate, gender-specific analysis of dietary patterns is highly recommended in European populations. In their study, the authors derived four dietary patterns in men: 'Health conscious', 'Traditional', Processed/confectionery', and 'Semi-vegetarian'. This study highlighted many interesting and important gender-specific differences in dietary patterns, e.g., 'Traditional' pattern was only evident in men, which indicated their strong preferences for traditional cooking, which were not present in women \[[@B15-nutrients-12-00751]\]. Unfortunately, the health outcomes of the adherence to these patterns or the associations with lifestyle factors have not been extensively explored.

Only a few studies attempted to investigate the associations between combined dietary-lifestyle patterns and metabolic abnormalities in young males \[[@B2-nutrients-12-00751],[@B16-nutrients-12-00751],[@B17-nutrients-12-00751]\]. However, the dietary component that was included in these studies was very limited, and comprised only few questions, usually regarding fruit and vegetable consumption (as an indicator of a healthy diet), with other important food groups being omitted. Nevertheless, the results from these studies provided valuable insight into clustering of dietary and lifestyle behaviours, suggesting that both healthy and unhealthy behaviours tend to cluster \[[@B14-nutrients-12-00751],[@B15-nutrients-12-00751],[@B16-nutrients-12-00751],[@B17-nutrients-12-00751]\] and that the clustering of the least favourable to health behaviours was more prevalent in men, from younger age groups, and of a lower socioeconomic status \[[@B14-nutrients-12-00751]\].

To our knowledge, no previous studies included a broad range of dietary variables into the analysis of combined lifestyle and dietary behaviours, in the context of metabolic health and in the population of young men. The aim of this study was to examine the associations of dietary-lifestyle patterns (DLPs) with adiposity and metabolic abnormalities in young Polish men. The demographic that is described in this paper includes adult men up the age of 40. According to Levinson \[[@B18-nutrients-12-00751]\], this age marks the end of the early adulthood era and opens up the mid-life transition. For simplicity, we will refer to the group as young men throughout the paper.

2. Materials and Methods {#sec2-nutrients-12-00751}
========================

2.1. Study Design and Participants {#sec2dot1-nutrients-12-00751}
----------------------------------

The study was designed as a cross-sectional with convenience sampling. The participants were recruited through direct advertising, while using posters, leaflets, and communication with human resources departments of local employers. The recruitment was carried out in public and private sector workplaces that were located in Olsztyn city and around the city to cover urban, sub-urban, and rural areas of Warmia and Mazury region. The intent was to recruit men from different age groups, of all education levels and employment status (e.g., white vs. blue collars). The advertising of the study included sites, such as university campus, city council, unemployment office, health centres, retail, courier services, gas and electricity suppliers, etc., to achieve the maximum variability of the study sample in regards to demographic and socioeconomic characteristics and best reflect the structure of the general population. A proportion of recruited participants were enrolled through further referrals. The participants who took part in the study were recommending the study to their peers in person or through their social media channels. The inclusion criteria were: males, aged 19--40, with the cognitive ability to understand and respond to questions that were asked by the interviewer, written consent to participate. The exclusion criteria were: females, and a cognitive impairment that would not allow for understanding and responding to questions that were asked by the interviewer. A total sample screened consisted of 385 men. In the preliminary analysis, a total of 26 men were excluded from further analysis, due to missing data (*n* = 7), not meeting the age criterion on the day of screening (*n* = 11), reporting cardiometabolic diseases: cardiovascular disease (*n* = 4) and diabetes (*n* = 5). Although cardiometabolic diseases were not an exclusion criterion in the study, for the purpose of this paper it was decided that affected men should be removed from further analysis, due to small number of such subjects (9) and potential bias caused by the medication used. [Figure 1](#nutrients-12-00751-f001){ref-type="fig"} presents details of the sample collection.

All of the data regarding diet, lifestyle, and socioeconomic status were collected using closed-question from KomPAN^®^ questionnaire \[[@B19-nutrients-12-00751],[@B20-nutrients-12-00751]\]. This multicomponent food frequency questionnaire was designed for a Polish population aged 15--65 years. KomPAN^®^ has been assessed in healthy and unhealthy subjects and confirmed to be a reliable tool with acceptable-to-very good reproducibility \[[@B20-nutrients-12-00751]\]. The data were collected in 2017 (January to March) and 2018 (April to May), during one-to one interviews with trained researchers.

2.2. Ethical Approval {#sec2dot2-nutrients-12-00751}
---------------------

The study was conducted within the Men's Diet, Socioeconomic Status, and Health (MeDiSH) Project, which was approved by the Bioethics Committee of the Faculty of Medical Sciences, University of Warmia and Mazury in Olsztyn in December 8, 2016 (Resolution No. 45/2016) as an annex to ethical approval obtained in June 17, 2010 (Resolution No. 20/2010). Written informed consent to participate was obtained from all of the study participants.

2.3. Dietary and Lifestyle Behaviours {#sec2dot3-nutrients-12-00751}
-------------------------------------

Data regarding the consumption frequency of 25 food groups were obtained. The respondents could choose one of six categories (next converted into daily frequency): never (0 times/day), 1--3 times a month (0.06 times/day), once a week (0.14 times/day), few times a week (0.5 times/day), once a day (1.0 time/day), or a few times a day (2.0 times/day), in accordance with questionnaire manual guide \[[@B19-nutrients-12-00751]\].

Lifestyle behaviours regarded daily frequency of meals, physical activity, smoking, and screen time. The respondents reported the number of daily eating occasions by choosing one from five answers, starting from one meal/day to five meals or more a day. The respondents could choose one of three categories to describe the level of physical activity at work or at school, as follows: (i) low---over 70% of time sedentary; (ii) moderate---about 50% of time sedentary and 50% active; and, (iii) higher---about 70% of time active or physical labour of high intensity. The respondents could choose one of three categories to describe the level of recreational physical activity, as follows: (i) low---mostly sedentary, watching TV, reading newspapers/book, light house works, walking for 1--2 h a week; (ii) moderate---walking, cycling, exercise, gardening, or other light intensity physical activity for 2--3 h a week; and, (iii) higher---cycling, running, gardening, or other sport activities that require physical activity for more than 3 h a week. Past and current smoking had a dichotomous choice of answers: yes or no. Screen time was assessed using question: 'How many hours a day (on average) do you spend watching TV or using a computer (including work)?' The respondents could choose one of six categories: \< 2 h/day, 2 to \< 4 h/day, 4 to \< 6 h/day, 6 to \< 8 h/day, 8 to \< 10 h/day, and ≥ 10 h/day. For each answer of each lifestyle variable, separately, numerical values were assigned, as follows: 1, 2, etc., to used them in statistical analysis.

2.4. Adiposity and Metabolic Assessment {#sec2dot4-nutrients-12-00751}
---------------------------------------

Trained researchers undertook the measurements of body weight, size, and according to the International Society for Advancement of Kinanthropometry (ISAK) International Standards for Anthropometric Assessment guidelines \[[@B21-nutrients-12-00751]\]. A professional equipment and measuring tape were used: for measuring height---a portable stadiometer SECA 220, for weight---electronic digital scale SECA 799, for waist circumference---stretch-resistant tape SECA 201 to measure on bare sin, just above the iliac crest, for body fat and skeletal muscle mass (using bioelectrical impedance technique)---body composition analyser SECA medical Body Composition Analyze (mBCA) 515. Adiposity was determined based on several commonly used anthropometric indices: overweight (body mass index, BMI = 25--29.9 kg/m^2^), central obesity (waist-to-height ratio, WHtR ≥ 0.5), and general obesity (body fat ≥ 25%) \[[@B22-nutrients-12-00751],[@B23-nutrients-12-00751],[@B24-nutrients-12-00751]\]. The median values (Me) were applied to assess excessive visceral fat tissue (≥ Me of fat tissue volume, i.e., 1.565 l) and increased skeletal muscle mass (≥ Me of body mass, i.e., 37%).

Measuring the concentration of fasting blood glucose (FBG), triglycerides (TG), and total cholesterol (TC) in capillary blood was undertaken to collect the metabolic outcomes. The tests were performed by piercing the fingertip to draw blood, applying the blood to a chemically active disposable test strip, and then placing it into an Accutrend Plus glucometer (Roche Diagnostic GmbH, Mannheim, Germany). All of the tests were performed in the morning and the participants were asked to restrain from eating or drinking (apart from water) up to 8--10 h before the appointment. The measurements of systolic (SBP) and diastolic blood pressure (DBP) were taken. It was based on repeated measures using electronic monitor (Omron M3 Intellisense Automatic Blood Monitor, Omron Healthcare, Mannheim, Germany), according to the National Institute for Health and Care Excellence (NICE) procedures \[[@B25-nutrients-12-00751]\], meaning that all of the measurements were being obtained in a uniform manner for each participant to minimise the bias. Metabolic abnormalities were recorded if the following markers were elevated: FBG ≥ 100 mg/dL, TG ≥ 150 mg/dL, TC ≥ 200 mg/dL, or systolic or diastolic blood pressure ≥ 130 or ≥ 85 mmHg, respectively \[[@B26-nutrients-12-00751],[@B27-nutrients-12-00751],[@B28-nutrients-12-00751]\].

2.5. Confounding Variables {#sec2dot5-nutrients-12-00751}
--------------------------

Literature on dietary patterns and health was reviewed to identify relevant confounders to prevent the distortion of the true relationship between exposures and outcomes and minimize potential bias. The considered confounding variables, which were used in further analysis, were age as continuous variable and categorical socioeconomic variables: place of residence (four categories: village, town \< 20,000, town 20,000 to 100,000, city \> 100.000 inhabitants), education (three categories: lower secondary, upper secondary, higher), and financial situation (four categories). Financial situation was assessed while using the following question: 'How would you describe your household's overall situation?' Five answers were given to choose one from: (i) 'we do not have enough money for basic needs'---nobody reported such situation; (ii) 'we have to be very careful with our daily budget'; (iii) 'we have enough money for our daily needs, but we need to budget for bigger purchases'; (iv) 'we have enough money for our needs without particular budgeting'; and, (v) 'we can afford some luxury'.

2.6. Statistical Analysis {#sec2dot6-nutrients-12-00751}
-------------------------

Sample size calculation was based on the occurrence of adiposity and metabolic abnormalities. A database that was collected in 2017 and covering 253 participants was used. Assuming a two-sided significance level of 0.05 and 80% power to detect a 50% difference in the occurrence of adiposity and metabolic abnormalities between two groups (moderate or higher adherence to the DLP vs. lower adherence as reference), the sample size was, for example: 75 for overweight, 97 for elevated BP, 132 for elevated TC, 146 for general obesity, and 165 for elevated TG, per each group. Thus, taking the use of multiple markers to assess adiposity and metabolic abnormalities into account, we have found that the sample size was sufficient for detecting differences between groups, if they exist, except for elevated FBG, which should be interpreted with caution.

Data were presented as percentages of the sample for categorical variables and the means and standard deviations (SDs) for continuous variables with normal distribution (e.g., age, adiposity, and metabolic markers) or medians and interquartile ranges (IQRs) for continuous variables without normal distribution (e.g., food frequency consumption expressed in times/day). Before statistical analysis, variables normality was verified with two tests: Kolmogorov-Smirnov test and Shapiro-Wilk test. Differences between groups were verified with Pearson's chi-squared for categorical variables, T test for continuous variables with normal distribution or Kruskal-Wallis test for continuous variables without normal distribution.

The DLPs were derived using Principal Component Analysis (PCA), with varimax normalized rotation \[[@B29-nutrients-12-00751]\]. A total of 31 variables were included in the PCA: 25 dietary- and six lifestyle-related. During the identification of the number of DLPs, the following criteria were considered: (i) the eigenvalues of the variable correlations \>1.0, (ii) the plot of eigenvalues, and (iii) the total variance explained \[[@B29-nutrients-12-00751]\]. Rotated factor loadings with an absolute value ≥ \|0.30\| were considered to be specific to the given pattern and used to label the patterns accordingly. The higher values of factor loadings, the stronger association between dietary or lifestyle variables and the DLP. For each subject and each pattern, DLP scores were calculated as a product of factor loading and food frequency consumption (for dietary variables) or numerical categories assigned (for lifestyle variables). Next, for each DLP, tertile intervals were calculated which aimed to categorise subjects' adherence to the patterns: subjects that were located in the upper tertile were characterised as those with higher adherence to the pattern, while subjects located in the bottom tertile as those with lower adherence. The percentage distribution of adiposity and metabolic abnormalities was analysed across the tertiles of DLPs while using Pearson's chi-squared test.

Logistic regression verified the associations between DLPs and adiposity or metabolic outcomes. The odds ratios (ORs) and 95% confidence intervals (95%CIs) were calculated. Two models were created: crude and adjusted for potential confounders: age, place of residence, financial situation, and education (see [Section 2.4](#sec2dot4-nutrients-12-00751){ref-type="sec"}). The modelled variables (see [Section 2.3](#sec2dot3-nutrients-12-00751){ref-type="sec"}) were:(1)related to adiposity: overweight (reference (ref.): normal weight), central obesity (ref.: without), general obesity (ref.: without), excessive visceral fat tissue ≥ median of fat tissue volume (ref.: \< Me), and increased skeletal muscle mass ≥ median of body mass percentage (ref.: \< Me), and(2)related to metabolic abnormalities: elevated FBG (ref.: not elevated), elevated TG (ref.: not elevated), elevated TC (ref.: not elevated), elevated SBP or DBP (ref.: both not elevated), at least two metabolic abnormalities (ref.: no metabolic abnormalities).

With respect to the subjects' adherence to the DLPs, the modelled categories were moderate or higher adherence while reference category (OR = 1.00) was lower adherence (i.e., the bottom tertile). The statistical analysis was performed while using STATISTICA software (version 10.0 PL; StatSoft Inc., Tulsa, USA; Kraków, StatSoft Polska). A *p*-value \< 0.05 was considered to be statistically significant.

3. Results {#sec3-nutrients-12-00751}
==========

3.1. Sample Characteristics {#sec3dot1-nutrients-12-00751}
---------------------------

The consumption of at least four meals a day was reported by approx. 67% of the sample, high level of physical activity at work or at school by approx. 18%, high level of recreational physical activity by approx. 41%, and screen time lasting ≥ 8 h/day by 28.5% ([Table 1](#nutrients-12-00751-t001){ref-type="table"}). Over 15% of men reported consumption of foods with frequency a few times a day for: butter, refined bread, vegetables, milk, and fruit, and over 40% of men never consumed: lard, energy drinks, and tinned meats ([Table 2](#nutrients-12-00751-t002){ref-type="table"}). Means and medians (with interquartile ranges) of foods frequency consumption (times/day) can be found in [supplementary material (Table S1)](#app1-nutrients-12-00751){ref-type="app"}.

Overweight was found in approx. 45% of men, central obesity in approx. 40%, while general obesity measured with body fat content in approx. 32% ([Table 3](#nutrients-12-00751-t003){ref-type="table"}). Among the metabolic outcomes, the most common abnormality was elevated TC (approx. 34%), followed by elevated TG (approx. 30%), and FBG (approx. 11%). Elevated diastolic or systolic blood pressure was found in almost 40% of the sample, and two or more metabolic abnormalities in just over 20% of the study sample.

3.2. Dietary-Lifestyle Patterns {#sec3dot2-nutrients-12-00751}
-------------------------------

Four dietary-lifestyle patterns were derived with a total variance explained of 32.2% ([Figure 2](#nutrients-12-00751-f002){ref-type="fig"}, [Table 4](#nutrients-12-00751-t004){ref-type="table"}; [Supplementary Material: Table S2](#app1-nutrients-12-00751){ref-type="app"}). The "Protein food, fried-food, and recreational physical activity" pattern was characterized by the frequent consumption of white meats (factor loading = 0.70), refined groats (0.65), eggs (0.57), red meats (0.51), fried foods (0.49), wholemeal groats and (0.37), as well as more frequent meals throughout the day (0.37) and a higher level of recreational physical activity (0.31). The "Sandwiches and convenient diet" pattern was characterized by the frequent consumption of processed meats (0.72), white bread (0.63), butter (0.60), cheese (0.56), sweets (0.39), tinned meats (0.33), and red meats (0.30). The "Fast foods and stimulants" pattern was characterized by frequent consumption of sweetened beverages (0.58), energy drinks (0.52), alcohol (0.46), fast foods (0.39), and less frequent consumption of fruit (−0.42) and vegetables (−0.31). Men from this pattern were also described as current (0.62) and/or former (0.45) smokers. The "Healthy diet, active, past smokers" pattern was characterized by the frequent consumption of fruit (0.57), vegetables (0.54), fermented milk beverages (0.53), wholegrain bread (0.48), fish (0.46), cottage cheese (0.43), milk (0.42), wholegrain groats (0.38), and legumes (0.37), as well as more frequent meals throughout the day (0.40), former smoking (0.37), and higher level of physical activity at work or school (0.38) and in the recreational time (0.30).

The [Supplementary Material (Tables S3--S6)](#app1-nutrients-12-00751){ref-type="app"} present the medians (interquartile range) and sample distribution (%) of DLP components by adherence to each dietary-lifestyle pattern.

3.3. Associations between DLPs and Adiposity and Metabolic Outcomes {#sec3dot3-nutrients-12-00751}
-------------------------------------------------------------------

In the adjusted model, higher subjects' adherence (upper vs. bottom tertile as reference) to the "Protein food, fried-food and recreational physical activity" pattern was associated with higher odds of overweight (OR 2.22, 95% CI: 1.19--4.15) and increased skeletal muscle mass (2.02, 1.17--3.50), and lower odds of: general obesity (0.23, 0.11--0.45), excessive visceral fat tissue (0.45, 0.26--0.79), and elevated TC (0.44, 0.25--0.79). Higher subjects' adherence to "Healthy diet, active, past smokers" pattern was associated with higher odds of overweight (3.35, 1.82--6.18) and lower odds of: general obesity (0.38, 0.19--0.74), excessive visceral fat tissue (0.51, 0.29--0.89), and elevated FBG (0.32, 0.11--0.92). Higher subjects' adherence to the "Sandwiches and convenient diet" pattern was associated with higher odds of: central obesity (1.99, 1.14--3.47), general obesity (3.45, 1.77--6.83), excessive visceral fat tissue (2.59, 1.48--4.54), elevated TC (2.72,1.53--4.86), elevated TG (1.87, 1.03--3.39), occurrence at least two metabolic abnormalities 2.54 (1.20-5.39), and lower odds of increased skeletal muscle mass (0.53, 0.31--0.90). Higher subjects' adherence to the "Fast foods and stimulants" pattern was associated with higher odds of central obesity (2.07, 1.13--3.78), general obesity (4.76, 2.10--10.74), excessive visceral fat tissue (3.17, 1.65--5.98), and lower odds of increased skeletal muscle mass (0.48, 0.27--0.86) ([Table 5](#nutrients-12-00751-t005){ref-type="table"} and [Table 6](#nutrients-12-00751-t006){ref-type="table"}).

The [Supplementary Material](#app1-nutrients-12-00751){ref-type="app"} presents the occurrence of adiposity and metabolic abnormalities (%) by adherence to each dietary-lifestyle pattern as well as crude associations (unadjusted models) between dietary-lifestyle patterns (DLPs) and adiposity and metabolic abnormalities ([Tables S7--S9](#app1-nutrients-12-00751){ref-type="app"}).

4. Discussion {#sec4-nutrients-12-00751}
=============

Among the derived patterns, only the "Fast foods and stimulants" pattern was consistent in terms of combining unhealthy dietary and lifestyle behaviours. Two patterns were composed of mixed behaviours, e.g., healthy diet with some unhealthy lifestyle behaviours from the past ("Healthy diet, active at work, past smokers") or healthy lifestyle with only a relatively healthy diet ("Protein food, fried-food, and recreational physical activity"). The "Sandwiches and convenient diet" pattern did not include any of the lifestyle components. The results of this study revealed that dietary-lifestyle patterns are associated with adiposity and metabolic health outcomes in young men. An increased risk of obesity was observed among men with high adherence to the "Fast foods and stimulant" and the "Sandwiches and convenient diet" patterns, with the latter also being associated with the occurrence of metabolic abnormalities. "Protein food, fried-food and recreational physical activity" and "Healthy diet, active, past smokers" patterns were associated with a reduced risk of obesity and metabolic abnormalities.

The use of a data-driven approach facilitated the identification of new, unique patterns of dietary and lifestyle behaviours in young men. Surprisingly, in this sex- and age-specific sample, dietary behaviours were not entirely comparable with dietary patterns that were previously described in the literature (such as "Western" or "Traditional" pattern) \[[@B30-nutrients-12-00751],[@B31-nutrients-12-00751]\]. Only the dietary components of "Healthy diet, active at work, past smokers" DLP were consistent with the composition of a dietary pattern commonly labelled as "Prudent" \[[@B32-nutrients-12-00751],[@B33-nutrients-12-00751]\]. Nevertheless, despite some similarities, the comparison to previous reports is limited, since the patterns derived in the current study were also composed of lifestyle components---absent in the traditional approach of studying dietary patterns.

The "Protein food, fried-food, and recreational physical activity" pattern that was composed of predominantly dietary sources of protein was complemented by a high level of recreational physical activity and consuming a higher number of meals a day. This specific pattern of dietary-lifestyle behaviours was associated with the most desirable body composition parameters. The men from this pattern were more likely to be overweight according to BMI, however extra body weight was not a result of excessive body fat content (odds ratio: 0.23) or central obesity (by WC: 0.39), but it was attributed to the higher skeletal muscle mass (2.02). The components of this pattern suggest that men from this group complemented their recreational physical activity with a diet high in protein, presumably to enhance the muscle protein synthesis during exercising. The adherence to this dietary pattern was also associated with reduced risk of elevated total cholesterol (by 54%), which suggested the potential health-promoting effect on the blood lipid profile. Interestingly, this pattern was also comprised of less-desirable components, such as fried-foods, indicating that there were areas worthwhile addressing, perhaps while formulating the recommendation for this group, e.g., opting for grilled meat or partially replacing it with plant-based proteins, found in legumes. Furthermore, including more fruit and vegetables in the diet could contribute to reducing the oxidative stress that is associated with exercise \[[@B34-nutrients-12-00751]\]. Nevertheless, the observations within this pattern allow for a hypothesis that physical activity might mitigate the effects of some dietary behaviours that are not in line with dietary guidelines.

This observation was somewhat confirmed when analysing the associations between "Healthy diet, active, past smokers" and adiposity-metabolic outcomes. The dietary components of this pattern most closely matched the profile of dietary guidelines, and they were complemented by a higher level of occupational and recreational physical activity, and regular meals. Interestingly, men with the highest adherence to this pattern were also characterised as former smokers, which indicated that a behavioural change had occurred at some point in their lives, directing them towards a healthier lifestyle. The potentially alleviating effect of physical activity combined with healthy diet was observed in this pattern and it was reflected in the lower odds of central obesity (by WC: 0.33), excessive body fat content (0.38) and lower volume of visceral fat tissue (0.51), as well as lower risk of elevated blood glucose level (0.32). Similarly to the previously described pattern, a higher risk of being overweight (3.35) was observed in this group, which suggested that the sole use of BMI is not sufficient for identifying adiposity-related risks.

The two patterns that were associated with negative health outcomes were: "Sandwiches and convenient diet" and "Fast food and stimulants". Men with higher adherence to the "Sandwiches and convenient diet" pattern had higher odds of central obesity (by WC: 2.78), excessive body fat content (3.45), an excessive volume of visceral fat (2.59), accompanied by lower skeletal muscle mass (0.53). Interestingly, the high adherence to this pattern was not reflected in the adiposity risks that were assessed with BMI. This is of particular concern, since it is the most commonly used assessment in clinical practice \[[@B35-nutrients-12-00751]\]. In this group of men, muscle mass was compensated with adipose tissue (most likely centrally accumulated), which resulted in the absence of clear external clues; in the literature, this phenotype is often described as TOFI (thin-on-the-outside fat-on-the-inside) \[[@B36-nutrients-12-00751]\]. Therefore, the self-perceived obesity risk or health risks that were assessed in the medical setting could have been masked, and not addressed with additional screening. As expected, men with a high adherence to this pattern had the least favourable metabolic profile, with a high risk of elevated total cholesterol (2.72) and triglycerides (1.87) concentrations. This was the only pattern without the lifestyle components, which suggested that this group might not have been homogenous enough to reveal any correlations between lifestyle and dietary behaviours. However, when the percentage distribution of study sample across the tertiles of this DLPs was analysed ([Supplementary Material: Table S4](#app1-nutrients-12-00751){ref-type="app"}), it can be observed that these men were characterised by a low level of physical activity at work and in their free time. It could be hypothesized that men from this pattern had a sedentary type of job and displayed low interest (or lack of time) in physical activity after work. Inactive behaviour was complemented with a convenient diet, which was composed of bread, butter, cheese, processed meats, and sweets, which suggested low diet variety and snacking throughout the day.

A pattern with the most undesirable dietary-lifestyle composition was characterised by the frequent intake of sweetened beverages, energy drinks, alcohol, and fast foods, along with current and past smoking, hence it was labelled "Fast foods and stimulants'. Surprisingly, the associations with this pattern were only significant in terms of adiposity, but not with metabolic outcomes. Men with higher adherence to this pattern were more likely to be obese (by BMI: 3.17; WC: 3.60), had high body fat content (4.76) and excessive visceral fat tissue (3.17), and lower odds of higher muscle mass (0.48). The clustering of unhealthy dietary behaviours is not uncommon. Previous studies concluded, that, particularly in men, unhealthy diet clusters with substance use, which might have psychological, social or biological background \[[@B37-nutrients-12-00751]\]. Perhaps, the age of men from this pattern played a role in postponing health-related consequences.

4.1. Strengths and Limitations {#sec4dot1-nutrients-12-00751}
------------------------------

To our knowledge, this is the first study to examine the associations between a broad range of dietary (25 variables) and lifestyle (6) behaviours and metabolic health in the population of adult men under 40. The study used multiple measures to assess adiposity status (including the assessment of body composition using bioelectrical impedance technique with body composition analyser SECA mBCA 515), thus confirming that a sole use of BMI might not detect early risks, especially if a higher body mass results from a higher content of muscle mass.

Despite the moderate number of subjects (\> 350), the sample size met the criteria for performing multidimensional statistical analysis that requires 'big data', i.e., the recommended 10:1 subject-to-item ratio for principal component analysis; in our study the ratio was 11.5:1, i.e., 358 of subjects, 31 of input variables \[[@B38-nutrients-12-00751]\]. The sample size was also sufficient for regression analysis, including the 'one in ten rule', for all of the independent variables. Furthermore, minimal sample size was calculated before conducting the study and, next, its adequacy was checked for data covering all study participants (n = 358). The post-hoc statistical power was calculated. For example, when compared the occurrence of overweight (39.8% vs. 55.4%), central obesity (52.2% vs. 35.5%), excess of visceral fat tissue (64.4% vs. 39.7%), elevated TG (38.1% vs. 25.6%), or at least two metabolic abnormalities for extreme groups of adherence, assuming a 5% significance level, the statistical power was 68%, 74%, 97%, 55%, or 86%, respectively. In general, we have found that the sample size (*n* = 358) was sufficient for detecting differences between groups, if they exist, with one exception. The occurrence of elevated FBG requires a larger sample to detect the differences between groups, if they exist (for our data power 10% to 38%), so these data should be interpreted with caution.

The main limitation of our study is the use of the descriptive qualitative food frequency questionnaire (FFQ). This type of questionnaire does not provide information on the estimated portion sizes, but it is widely used in studying dietary patterns, particularly in settings with limited resources \[[@B39-nutrients-12-00751]\]. In Poland, there is only one validated semi-quantitative FFQ \[[@B40-nutrients-12-00751]\], however the process of data collection with the use of this questionnaire is estimated to last between 3 to 4 h, which, from our past experience, was discouraging to the respondents, compromising the quality of the reported data. This, combined with extra time spent on data collection regarding socioeconomic status, medical history, as well as blood tests and anthropometric measures, would result in a lower participation level. Hence, we used a validated descriptive qualitative FFQ to minimise respondents' burden and increase the level of participation in the study, which, despite its limitations, is a quicker, inexpensive method, previously shown to be correlated with data that were obtained with semi-quantitative FFQs \[[@B41-nutrients-12-00751],[@B42-nutrients-12-00751],[@B43-nutrients-12-00751],[@B44-nutrients-12-00751]\].

Secondly, our estimations would be more precise and have higher external validity if a larger, representative sample was recruited. It is uncertain how closely the recruited sample represents the general population of Polish men 19-40-years-old, since it was not possible to carry out comparative statistical analysis for demographic and socioeconomic variables (education, financial situation, residence), due to the lack of national data for this specific subsample. The same applies to the occurrence of adiposity and metabolic abnormalities. Nevertheless, the association of the specific patterns with adiposity and metabolic abnormalities can be still analysed and its potential physiological mechanisms may be further investigated.

Finally, it would be interesting to investigate the associations of the derived dietary-lifestyle patterns with more advanced markers of metabolic health, such as detailed blood lipid profile (high-density lipoproteins-HDL and low-density lipoproteins-LDL), hemoglobin A1c, and insulin levels, as well as inflammation markers (e.g., interleukin-6, C-reactive protein) \[[@B45-nutrients-12-00751],[@B46-nutrients-12-00751]\]. However, the main aim of the current study was to identify dietary-lifestyle patterns in the population of men \<40 and verify the associations with metabolic health, as measured with the simple, inexpensive tests, listed as signposts of metabolic syndrome and commonly used in general medical practice. We hope that our results provide a good basis for other researchers to design further investigations that combine dietary-lifestyle patterns with more advanced biochemical markers.

4.2. Practical Implications {#sec4dot2-nutrients-12-00751}
---------------------------

We believe that the results of our study have practical implications. Analysing the complex matrix of lifestyle behaviours reveals its multicomponent and interconnected nature, which is not always apparent. There is a possibility that the traditional approach in developing healthy lifestyle messages might not meet the needs of certain groups of men. A better understanding of these matrices of dietary and lifestyle behaviours in the targeted population might result in developing more effective interventions, by correcting specific behaviours rather than the entire lifestyle.

Although the results of our study are an important literature contribution for both parties, public health nutritionists, and clinicians, the findings do not have direct application in clinical practice. The accurate mapping of dietary-lifestyle behaviours can serve as a tool for formulating evidence-based recommendations, hence its application is more suitable for preventative care and health education purposes. The main goal of our analysis was to investigate which combination of behaviours stipulate the highest risk of metabolic abnormalities. Having this knowledge will help to predict, for example, that men \<40 years old who smoke cigarettes, are very likely to drink energy drinks and eat fast-foods. Hence, instead of providing standard dietary recommendations (e.g., increasing fruit and vegetable intake etc.), perhaps more focus should be first placed on identifying how to tackle stimulant use, and then the second step could include a gradual introduction of traditional dietary and lifestyle recommendations. However, knowledge regarding which messages are effective for this group would have to be evaluated in a separate study. The current paper only provides a population characteristics and theoretical framework.

5. Conclusions {#sec5-nutrients-12-00751}
==============

The novelty of our study lies in the identification of unique sets of coexisting dietary and lifestyle behaviours in the population of men under 40 years old. Furthermore, these previously unmapped mixtures of behaviours were associated with adiposity and metabolic health outcomes. In the study sample, the interrelations between diet and lifestyle behaviours were reflected in three out of four patterns. Interestingly, none of the patterns could be recognised as being unequivocally healthy. Our findings strengthen previous evidence showing the association of healthy diet and active lifestyle with a declined occurrence of adiposity and metabolic abnormalities. An unexpected result is that healthy diet attempts combined with active lifestyle, at work or leisure time, were associated with a reduced risk of adiposity and metabolic abnormalities, despite some unhealthy components, like former smoking ("Healthy diet, active at work, past smokers") or fried-food consumption ("Protein food, fried-food and recreational physical activity"). On the contrary, patterns that were composed of undesirable dietary behaviours solely ("Sandwiches and convenient diet"), as well as poor diet combined with stimulant use ("Fast foods and stimulants"), were associated with higher adiposity and worse metabolic health, despite the relatively young age of the study participants.

Similarly to research investigating the synergies between singular nutrients found in foods \[[@B47-nutrients-12-00751]\], there is a need for exploring the synergies between diet and other lifestyle behaviours, and the associations of these complex matrices with adiposity and metabolic health. Thus, our results give rise to the design of further investigation by other researchers. Further studies could investigate a wider range of metabolic health markers as an outcome of dietary-lifestyle patterns.

The following are available online at <https://www.mdpi.com/2072-6643/12/3/751/s1>, Table S1: Sample characteristic by dietary behaviours and age groups. Table S2: Matrix of factor loadings of PCA-driven dietary-lifestyle patterns identified in the sample (*n* = 358). Table S3: Protein food, fried-food and recreational physical activity dietary-lifestyle pattern (DLP): median (interquartile range) or sample distribution (%) of DLP components by adherence to this DLP (*n* = 358). Table S4: Sandwiches and convenient diet dietary-lifestyle pattern (DLP): median (interquartile range) or sample distribution (%) of DLP components by adherence to this DLP (*n* = 358). Table S5: Fast foods and stimulants dietary-lifestyle pattern (DLP): median (interquartile range) or sample distribution (%) of DLP components by adherence to this DLP (*n* = 358). Table S6: Healthy diet, active, past smokers dietary-lifestyle pattern (DLP): median (interquartile range) or sample distribution (%) of DLP components by adherence to this pattern (*n* = 358). Table S7: Occurrence of adiposity and metabolic abnormalities (%) by adherence to the dietary-lifestyle patterns in the study sample (*n* = 358). Table S8: Crude associations between dietary-lifestyle patterns (DLPs) and adiposity (*n* = 358): odds ratios (95% Confidence Intervals (95% CIs). Table S9: Crude associations between dietary-lifestyle patterns (DLPs) and metabolic abnormalities (*n* = 358): odds ratios (95% Confidence Intervals (95% CI).
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Click here for additional data file.
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###### 

Sample characteristic by sociodemographic and lifestyle variables and age groups.

  --------------------------------------------------------------------------------------------------------------
  Variables                                        Percentage of the Sample (%)\   *p*-Value          
                                                   Age Groups \[Years\]                               
  ------------------------------------------------ ------------------------------- ----------- ------ ----------
  Number of subjects                               358                             176         182    

  **Sociodemographic variables**                                                                      

  **Place of residence**                                                                              \*\*\*\*

  Village                                          20.4                            26.1        14.8   

  Town (\<100,000)                                 15.9                            23.3        8.8    

  Big city                                         63.7                            50.6        76.4   

  **Education**                                                                                       \*\*\*\*

  Secondary or lower                               41.9                            58.0        26.4   

  Higher                                           58.1                            42.0        73.6   

  **Financial situation ^1^**                                                                         ns

  Modest                                           27.1                            26.2        28.0   

  Comfortably                                      64.2                            61.9        66.5   

  Wealthy                                          8.7                             11.9        5.5    

  **Lifestyles behaviours**                                                                           

  **Number of meals per day**                                                                         ns

  1--2                                             4.4                             3.9         3.8    

  3                                                28.5                            29.5        29.7   

  4                                                42.2                            39.2        39.0   

  5 or more                                        24.9                            27.4        27.5   

  **Physical activity at work or at school ^2^**                                                      ns

  Low                                              50.0                            47.7        52.2   

  Moderate                                         31.8                            33.0        30.8   

  High                                             18.2                            19.3        17.0   

  **Recreational physical activity ^3^**                                                              \*\*

  Low                                              15.4                            13.1        17.6   

  Moderate                                         43.8                            36.9        50.5   

  High                                             40.8                            50.0        31.9   

  **Current smoking**                              15.9                            18.2        13.7   ns

  **Smoking in the past**                          38.5                            35.2        41.8   ns

  **Screen time** (hours/day) **^4^**                                                                 \*\*\*\*

  \<2                                              10.9                            8.0         13.7   

  2 to \<4                                         20.7                            26.7        14.8   

  4 to \<6                                         24.0                            30.7        17.6   

  6 to \<8                                         15.9                            16.5        15.4   

  8 to \<10                                        17.6                            10.8        24.2   

  ≥10                                              10.9                            7.4         14.3   
  --------------------------------------------------------------------------------------------------------------

**^1^** Financial situation was assessed using the question: 'How would you describe your household's overall situation?'; The 'modest' category consisted of two answers: 'we have to be very careful with our daily budget' and 'we have enough money for our daily needs, but we need to budget for bigger purchases'; The 'comfortably' category consisted of one answer: 'we have enough money for our needs without particular budgeting'; The 'wealthy' category consisted of one answer: 'we can afford some luxury'. **^2^** Physical activity at work or at school was categorised as follows: low---over 70% of time sedentary; moderate---about 50% of time sedentary and 50% active; higher---about 70% of time active or physical labour of high intensity; **^3^** Recreational physical activity was categorised as follows: low -- mostly sedentary, watching TV, reading newspapers/book, light house works, walking for 1--2 h a week; moderate---walking, cycling, exercise, gardening, or other light intensity physical activity for 2--3 h a week; higher---cycling, running, gardening, or other sport activities that require physical activity for more than 3 h a week; **^4^** Screen time was assessed using the question: 'How many hours a day (on average) do you spend watching TV or using a computer (including work)?' Statistical significance (Person's chi-squared test): \*\* *p* \< 0.01, \*\*\*\* *p* \< 0.0001; ns---statistically insignificant.
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###### 

Sample characteristic by dietary behaviours (*n* = 358).

  Foods ^1^                  Frequency Consumption (% of the Sample)                               
  -------------------------- ----------------------------------------- ------ ------ ------ ------ ------
  Butter                     12.3                                      10.1   6.1    18.7   29.9   22.9
  Refined bread              4.5                                       14.2   14.5   25.4   22.6   18.7
  Vegetables                 0.8                                       2.2    7.5    34.9   35.8   18.7
  Milk                       7.3                                       10.6   12.0   28.5   25.1   16.5
  Fruit                      0.0                                       3.9    12.6   33.2   35.2   15.1
  Processed meats            3.1                                       3.1    12.0   41.3   29.6   10.9
  Wholemeal bread            5.3                                       16.8   17.3   32.1   18.7   9.8
  Refined groats             2.0                                       13.4   27.4   40.5   11.2   5.6
  Sweets                     2.5                                       12.8   24.9   32.4   22.9   4.5
  Eggs                       1.7                                       8.9    24.0   45.3   15.4   4.7
  Fermented milk beverages   6.7                                       21.5   17.9   32.1   17.6   4.2
  Sweetened drinks           12.6                                      38.3   20.1   17.3   7.8    3.9
  White meats                1.4                                       4.5    13.7   62.8   14.0   3.6
  Cheese                     3.4                                       9.5    19.8   47.8   16.8   2.8
  Cottage cheese             7.8                                       20.7   27.7   33.5   7.5    2.8
  Fried foods                1.4                                       7.5    19.3   52.8   16.8   2.2
  Wholemeal groats           7.0                                       32.7   21.5   27.1   9.8    2.0
  Red meats                  3.1                                       22.1   23.5   41.3   8.9    1.1
  Energy drinks              50.8                                      34.1   6.7    7.3    0.6    0.6
  Fish                       3.4                                       37.2   41.3   15.9   1.7    0.6
  Alcohol                    5.3                                       35.8   37.7   19.3   1.7    0.3
  Fast foods                 9.5                                       64.2   18.7   7.0    0.3    0.3
  Lard                       62.0                                      26.3   6.7    4.5    0.3    0.3
  Legumes                    10.3                                      56.1   23.2   8.4    1.7    0.3
  Tinned meats               41.3                                      45.8   9,5    2.2    1.1    0.0

^1^ Foods sorted by sample percentages of 'few times a day' category.
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###### 

Sample characteristic by the occurrence of adiposity and metabolic abnormalities and age groups: means (SD) and sample percentage distribution (%).

  Variables                                                   Total          Age Groups     *p*-Value       
  ----------------------------------------------------------- -------------- -------------- --------------- ----------
  Number of subjects                                          358            176            182             
  Age (years): mean (SD)                                      30.1 (5.9)     24.8 (3.2)     35.2 (2.5)      \*\*\*\*
  **Adiposity outcomes: mean (SD)**                                                                         
  BMI (kg/m^2^)                                               26.0 (3.7)     25.3 (3.8)     26.6 (3.4)      \*\*\*
  WC (cm)                                                     89.9 (10.4)    87.4 (10.4)    92.4 (9.9)      \*\*\*\*
  WHtR (-)                                                    0.50 (0.06)    0.48 (0.06)    0.51 (0.06)     \*\*\*\*
  Body fat (%)                                                22.2 (6.8)     20.5 (7.1)     23.9 (6.1)      \*\*\*\*
  Visceral fat tissue (l)                                     1.96 (2.21)    1.60 (1.88)    2.30 (2.44)     \*\*
  Skeletal muscle mass (%)                                    36.8 (4.0)     37.8 (4.2)     35.9 (3.5)      \*\*\*\*
  **Adiposity outcomes** **: percentage of the sample (%)**                                                 
  Overweight (BMI = 25-29.9 kg/m^2^)                          45.5           37.5           53.3            \*\*
  Central obesity (WHtR ≥ 0.5)                                40.5           26.1           54.4            \*\*\*\*
  General obesity (Body fat ≥ 25%)                            32.4           23.3           41.2            \*\*\*\*
  Excess of visceral fat tissue (≥ Me, i.e., 1.565 l)         50.6           36.4           64.3            \*\*\*\*
  Increased skeletal muscle mass (≥ Me, i.e., 37%)            50.0           61.9           38.5            \*\*\*\*
  **Metabolic outcomes: mean (SD)**                                                                         
  FBG (mg/dL)                                                 85.0 (13.4)    84.1 (12.6)    85.9 (14.1)     ns
  TG (mg/dL)                                                  143.1 (99.3)   126.7 (77.7)   159.0 (114.5)   \*\*
  TC (mg/dL)                                                  185.6 (40.2)   175.2 (40.4)   195.7 (37.5)    \*\*\*\*
  SBP (mmHg)                                                  126.1 (12.0)   125.1 (11.9)   127.1 (12.1)    ns
  DBP (mmHg)                                                  77.4 (9.5)     74.1 (9.0)     80.6 (8.9)      \*\*\*\*
  **Metabolic outcomes: percentage of the sample (%)**                                                      
  Elevated FBG (≥ 100 mg/dL)                                  10.6           8.5            12.6            ns
  Elevated TG (≥ 150 mg/dL)                                   29.6           24.4           34.6            ns
  Elevated TC (≥ 200 mg/dL)                                   34.1           23.3           44.5            \*\*\*
  Elevated SBP (≥ 130 mmHg) or DBP (≥ 85 mmHg)                39.9           35.2           44.5            
  No metabolic abnormalities                                  27.9           37.5           18.7            \*\*\*
  1 metabolic abnormality                                     41.3           42.0           40.7            ns
  2 metabolic abnormalities                                   20.7           12.5           28.6            \*\*\*\*
  3 metabolic abnormalities                                   8.7            7.4            9.9             ns
  All metabolic abnormalities                                 1.4            0.6            2.2             ns

BMI---body mass index; WC---waist circumference, WHtR---waist to height ratio; DBP---diastolic blood pressure; FBG---fasting blood glucose; TG---triglycerides; TC---total cholesterol; SBP---systolic blood pressure; SD---standard deviation. Statistical significance (T test or Person's chi-squared test): \*\* *p* \< 0.01, \*\*\* *p* \< 0.001, \*\*\*\* *p* \< 0.0001; ns---statistically insignificant.
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###### 

Distribution of dietary and lifestyle components of dietary-lifestyle patterns (DLPs) across higher adherence to the DLPs (% of the sample).

  Components ^1^ of DLPs                           Higher Adherence to the DLPs   Significance of the Relation between the DLPs                     
  ------------------------------------------------ ------------------------------ ----------------------------------------------- -------- -------- --------------------------
  Number of the subjects                           121                            121                                             121      121      
  **Frequency consumption of:**                                                                                                                     
  White meats---at least once a day                **45**                         11                                              17       33       A or D \> C or B
  Refined groats---at least once a day             **43**                         7                                               12       28       A \> D \> C or B
  Eggs---at least once a day                       **47**                         6                                               17       36       A or D \> C \> B
  Red meats---at least once a day                  **21**                         **15**                                          12       14       ns
  Fried foods---at least once a day                **35**                         25                                              27       18       A \> D
  Wholemeal groats---at least once a day           **26**                         4                                               5        **26**   A or D \> B or C
  Processed meats---at least once a day            36                             **79**                                          45       36       B \> C \> A or D
  Refined bread---at least once a day              30                             **78**                                          55       26       B \> C \> A or D
  Butter---at least once a day                     45                             **80**                                          50       45       B \> C or A or D
  Cheese---at least once a day                     21                             **42**                                          27       18       B \> C or A or D
  Sweets---at least once a day                     19                             **45**                                          30       22       B \> C or A or D; C \> A
  Tinned meats---at least 1--3 times/week          1                              **8**                                           3        3        B \> A
  Sweetened drinks---at least once a day           11                             22                                              **29**   7        C \> A or D; B \> A or D
  Energy drinks---at least 1--3 times/week         12                             8                                               **21**   3        C \> B or D; A \> D
  Alcohol---at least 1--3 times/week               23                             31                                              **44**   21       C \> B or A or D
  Fast foods---at least 1--3 times/week            7                              9                                               **18**   2        C \> B or A or D; B \> D
  Fruit---at least once a day                      69                             53                                              33       **78**   D \> B \> C; A \> B \> C
  Vegetables---at least once a day                 74                             58                                              40       **81**   D \> B \> C; A \> B \> C
  Fermented milk beverages---at least once a day   36                             17                                              21       **43**   D \> C or B; A \> C or B
  Wholemeal bread---at least once a day            35                             24                                              20       **55**   D \> A \> C
  Fish---at least 1--3 times/week                  34                             12                                              15       **40**   D \> C or B; A \> C or B
  Cottage cheese---at least once a day             19                             12                                              11       **19**   ns
  Milk---at least once a day                       44                             37                                              40       **53**   D \> C or B
  Legumes---at least 1--3 times/week               17                             6                                               8        **25**   D \> C or B; A \> C or B
  Lard---at least 1--3 times/week                  8                              4                                               3        7        ns
  **Lifestyles behaviours**                                                                                                                         
  5 or more meals per day                          **47**                         18                                              19       **46**   A or D \> B or C
  High recreational physical activity              **64**                         28                                              41       **59**   A or D \> C \> B
  Current smoking                                  35                             22                                              **44**   21       C or A \> B or D
  Smoking in the past                              35                             45                                              **64**   53       C \> B or A; D \>A
  High physical activity at work or at school      27                             19                                              26       **31**   D \> B
  Screen time ≥8 h                                 16                             34                                              20       16       B \> C or A or D

^1^ Components of DLPs are sorted by loading factors (drawn from principal component analysis) from 1st to 4th dietary-lifestyle pattern within dietary components and lifestyle components (see [Table S2 in Supplementary Material](#app1-nutrients-12-00751){ref-type="app"}). Chosen categories of components of DLPs are presented. **Bold font** presents numerical data related to components of DLPs with factor loadings ≥ 0.30 (see [Table S2 in Supplementary Material](#app1-nutrients-12-00751){ref-type="app"}). Statistical significance (Person's chi-squared test) at *p* \< 0.05.
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###### 

Adjusted ^1^ associations between dietary-lifestyle patterns (DLPs) and adiposity (*n* = 358): odds ratios (95% Confidence Intervals).

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Adherence ^2^ to DLPs                                                 Overweight\                Central Obesity\   General Obesity\   Excess of Visceral Fat Tissue\   Increased Skeletal Muscle Mass\
                                                                        (BMI = 25--29.9 kg/m^2^)   (WHtR ≥ 0.5)       (Body Fat ≥ 25%)   (≥ Me, i.e., 1.565 l)            (≥ Me, i.e., 37%)
  --------------------------------------------------------------------- -------------------------- ------------------ ------------------ -------------------------------- ---------------------------------
  **Protein food, fried-food and recreational physical activity DLP**                                                                                                     

  Lower                                                                 1.00                       1.00               1.00               1.00                             1.00

  Moderate                                                              1.02\                      0.54 \*\*\         0.55\              0.56 \*\                         1.53\
                                                                        (0.56; 1.86)               (0.31; 0.95)       (0.28; 1.09)       (0.32; 0.99)                     (0.88;2.66)

  Higher                                                                2.22 \*\                   0.65\              0.23 \*\*\*\*\     0.45 \*\*\                       2.02 \*\
                                                                        (1.19; 4.15)               (0.37; 1.13)       (0.11; 0.45)       (0.26; 0.79)                     (1.17; 3.50)

  **Sandwiches and convenient diet DLP**                                                                                                                                  

  Lower                                                                 1.00                       1.00               1.00               1.00                             1.00

  Moderate                                                              0.71\                      1.18\              2.27 \*\           1.87 \*\                         0.54 \*\
                                                                        (0.39; 1.28)               (0.67; 2.09)       (1.12; 4.59)       (1.06; 3.31)                     (0.31;0.94)

  Higher                                                                0.68\                      1.99 \*\           3.45 \*\*\*\*\     2.59 \*\*\*\                     0.53 \*\
                                                                        (0.39; 1.21)               (1.14; 3.47)       (1.77; 6.83)       (1.48; 4.54)                     (0.31; 0.90)

  **Fast foods and stimulants DLP**                                                                                                                                       

  Lower                                                                 1.00                       1.00               1.00               1.00                             1.00

  Moderate                                                              0.89\                      1.42\              1.84\              1.68\                            0.81\
                                                                        (0.51; 1.56)               (0.81; 2.49)       (0.92; 3.65)       (0.95; 2.95)                     (0.48; 1.39)

  Higher                                                                0.91\                      2.07 \*\           4.76 \*\*\*\       3.17 \*\*\*\                     0.48 \*\
                                                                        (0.50; 1.65)               (1.13; 3.78)       (2.10; 10.74)      (1.68; 5.98)                     (0.27; 0.86)

  **Healthy diet, active at work, past smokers DLP**                                                                                                                      

  Lower                                                                 1.00                       1.00               1.00               1.00                             1.00

  Moderate                                                              1.71\                      1.28\              0.73\              0.98\                            0.97\
                                                                        (0.94; 3.10)               (0.73; 2.25)       (0.37; 1.48)       (0.55; 1.76)                     (0.55; 1.69)

  Higher                                                                3.35 \*\*\*\*\             0.79\              0.38 \*\*\         0.51 \*\                         1.47\
                                                                        (1.82; 6.18)               (0.45; 1.39)       (0.19; 0.74)       (0.29; 0.89)                     (0.86; 2.51)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^1^ Odds ratios adjusted for age (continuous variable), place of residence (categorical variable), financial situation (categorical variable) and education (categorical variable); ^2^ Adherence to the DLP is based on subjects' tertile distribution: bottom tertile = lower adherence (used as the reference), middle tertile = moderate adherence, upper tertile = higher adherence; BMI---body mass index; WHtR---waist to height ratio; Me---median; Statistical significance (Wald test): \* *p* \< 0.05, \*\* *p* \< 0.01, \*\*\* *p* \< 0.001, \*\*\*\* *p* \< 0.0001.
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###### 

Adjusted ^1^ associations between dietary-lifestyle patterns (DLPs) and metabolic abnormalities (*n* = 358): odds ratios (95% Confidence Intervals).

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Adherence ^2^ to DLPs                                                 Elevated FBG\   Elevated TG\    Elevated TC\    Elevated SBP (≥ 130 mmHg) or DBP (≥ 85 mmHg)   At Least 2 Metabolic Abnormalities
                                                                        (≥ 100 mg/dL)   (≥ 150 mg/dL)   (≥ 200 mg/dL)                                                  
  --------------------------------------------------------------------- --------------- --------------- --------------- ---------------------------------------------- ------------------------------------
  **Protein food, fried-food and recreational physical activity DLP**                                                                                                  

  Lower                                                                 1.00            1.00            1.00            1.00                                           1.00

  Moderate                                                              0.78\           0.57\           0.58\           0.88\                                          0.36 \*\
                                                                        (0.32; 1.91)    (0.32; 1.01)    (0.33; 1.02)    (0.51; 1.52)                                   (0.16; 0.79)

  Higher                                                                1.05\           0.63\           0.44 \*\*\      1.15\                                          0.49\
                                                                        (0.43; 2.57)    (0.35; 1.13)    (0.25; 0.79)    (0.67; 1.99)                                   (0.23; 1.06)

  **Sandwiches and convenient diet DLP**                                                                                                                               

  Lower                                                                 1.00            1.00            1.00            1.00                                           1.00

  Moderate                                                              2.15\           2.07 \*\        1.28\           0.62\                                          1.32\
                                                                        (0.84; 5.49)    (1.13; 3.79)    (0.70; 2.32)    (0.37; 1.07)                                   (0.62; 2.83)

  Higher                                                                1.78\           1.87 \*\        2.72 \*\*\*\    0.83\                                          2.54 \*\
                                                                        (0.69; 4.64)    (1.03; 3.39)    (1.53; 4.86)    (0.48; 1.41)                                   (1.20;5.39)

  **Fast foods and stimulants DLP**                                                                                                                                    

  Lower                                                                 1.00            1.00            1.00            1.00                                           1.00

  Moderate                                                              1.11\           0.90\           1.40\           0.86\                                          1.02\
                                                                        (0.45; 2.75)    (0.50; 1.61)    (0.80; 2.45)    (0.50; 1.47)                                   (0.48; 2.14)

  Higher                                                                1.23\           1.68\           1.59\           1.41\                                          1.41\
                                                                        (0.50; 3.04)    (0.92; 3.05)    (0.88; 2.89)    (0.82; 2.43)                                   (0.66; 3.01)

  **Healthy diet, active at work, past smokers DLP**                                                                                                                   

  Lower                                                                 1.00            1.00            1.00            1.00                                           1.00

  Moderate                                                              1.14\           1.02\           0.88\           0.83\                                          0.72\
                                                                        (0.51; 2.54)    (0.57; 1.81)    (0.50; 1.56)    (0.49; 1.42)                                   (0.34; 1.54)

  Higher                                                                0.32 \*\        0.99\           0.76\           0.90\                                          0.64\
                                                                        (0.11; 0.92)    (0.54; 1.83)    (0.43; 1.35)    (0.53; 1.52)                                   (0.29; 1.40)
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^1^ Odds ratios adjusted for age (continuous variable), place of residence (categorical variable), financial situation (categorical variable) and education (categorical variable); ^2^ Adherence to the DLP is based on subjects' tertile distribution: bottom tertile = lower adherence (used as the reference), middle tertile = moderate adherence, upper tertile = higher adherence; FBG---fasting blood glucose; TG---triglycerides; TC---total cholesterol; SBP---systolic blood pressure; DBP---diastolic blood pressure; Statistical significance (Wald test): \* *p* \< 0.05, \*\* *p* \< 0.01, \*\*\* *p* \< 0.001.
